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Abstract—To reduce the pollution from electricity produc-
tion, large-scale deployment of sustainable energy sources has
become a mandatory goal. As PV plants replace conventional
synchronous generators (SGs), the significant inherent rotational
inertia characteristics are replaced by less or no rotational system
inertia. The high penetration of PV results in reduced system
inertia, leading to system frequency instability. Virtual inertial
control (VIC) technology has attracted increasing interest because
of its ability to mimicking the inertia. Energy storage system
(ESS) can be used to provide virtual inertia. However, the ESS
adoption is hindered by high cost. The lower quantile results
of probabilistic forecasting cause higher energy waste in stable
irradiance state. This paper proposes an adaptable forecasting
based (AFB) VIC method to increasing system stability when
frequency deviations. The adaptable power reserve and virtual
inertia is controlled by measuring RoCoF and frequency nadir
method, which ensure the national electricity market (NEM)
frequency limitations. The simulation results reveal that the
proposed method can increase system inertia, reduce the reserved
power, required ESS power capacity and battery aging.
Keywords—micro-grid, virtual synchronous generator, virtual
inertial control, forecasting, coordinated reserve
I. INTRODUCTION
THE important components of a micro-grid are local loads,energy storage system (ESS) and distributed generators
(DG). Photovoltaic power generation has shown rapid growth
in remote areas as one of the most promising renewable energy
sources due to its clean, sustainable and environmentally
friendly [1]. The first generation of PV inverter was designed
to provide maximum power using maximum power point
tracking (MPPT). By using inverters with MPPT functionality,
it leads to the risk of adverse effects during periods of high
PV penetration. With the replacement of DGs by PV power
plants, the significant inherent rotational inertia characteristics
are replaced by the smaller or no rotational inertia. The high
penetration of PV makes the system inertia reduced, resulting
in an instability system frequency. Generally, there are two
ways of micro-grid operation, namely grid-connected mode
and islanded mode. The grid-connected mode has the grid
for the energy exchange. The islanded mode cannot exchange
power with the grid and is mainly used in remote areas. For
grid-connected mode, the power variation in the local area is
not significant and can be supplemented by the grid system.
But, for the islanded mode, the high penetration of PV is a
challenge due to the frequency regulation [2].
Due to the high penetration of PVs, many researchers have
considered the impact of low inertia on the stability and
operation of grid systems [3]–[5]. Australian energy market
operator (AEMO) has proposed a 100% renewable power
system (RPS) composition for the scenario in 2030 [4]. It
is predicted RPS generation mix projection of the national
electricity market (NEM). The PV power ratio has 22% of total
power and it can provide 51% of peak demand power. Non-
dispatchable PV power may cause a shortage of system inertia
and higher frequency deviation. In [6], frequency control in the
NEM has two conditions, including +-0.5 Hz/s RoCoF and +-
0.15 Hz frequency deviations.
Frequency regulation actions need to be implemented mul-
tiple times to respond to system contingencies. The high
penetration of PV in an islanded micro-grid may not allow
the generator to increase power in time to regulate frequency
when the frequency drops. In [3], the problem of system
inertia reduction and the challenges for system operation are
investigated. The main challenge for Australian power systems
is to maintain sufficient inertia in the system to ensure the
safe operation [4]. The effect of low inertia on the operation
and stability of power systems at high PV penetration levels
is analyzed in [5]. It is shown that in power systems with
low inertia, the inertia of the system becomes inhomogeneous
and the rapid frequency dynamics changes. Therefore, the low
inertia problems are generally recognized.
Virtual inertial control (VIC), which can improve the in-
ertial response of the micro-grid system. By simulating the
characteristics of conventional synchronous generators (SGs),
the VIC technique can improve the rate of change of frequency
(RoCoF) by low inertial control, which affects the frequency
nadir to a lower level [3]. Most VIC strategies require addi-
tional energy from the ESS, such as a battery or supercapacitor.
While the ESS is an efficient way to provide sufficient VIC
power, it leads to higher capital investment and operating costs.
The inverter-based VIC method is comparable to other
commonly used ESS-VIC technologies. A sufficient power
supply for the VIC can be provided by reserving the PV power
using ramp control [7]–[9]. In [10], the over frequency case
was simulated and the output saved 1.1kw in 10ms. Frequency
regulation was implemented in [11]. The development of
active power control, such as [12], [13], provides a ramp
control for this approach. However, to provide sufficient power
buffers to the VIC when frequency deviations occur, the above
method usually requires a constant power reduction, e.g.,
10% of the maximum available power. In [14], this study
describes the process of modeling the PV small signal with
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VIC and implements the details of simulating the dynamic
characteristics of SGs. Consequently, it leads to a continuous
waste of energy when the micro-grid system is stabilized.
Algorithms for forecasting PV power using historical solar
irradiance data are proposed in [15]–[19]. In [17], PV power
ramp control without ESS can be achieved by using the
forecasting results to reduce PV active power before the
shading. [19] proposed an ESS sizing method, which can
reduce half of ESS capacity by using forecasting results to
curtail active power. The above methods usually required
forecast information about the PV power drop, then reserve
power at the local PV power station, which is called local
curtailment (LC). However, forecasting errors are inevitable.
Due to huge forecasting error, PV power still drops and cannot
provide the virtual inertia, which may result in frequency
deviation over the grid limitation.
The coordinate control is proposed in [20]. Using remote
PV station reserve power to provide constant VIC when
frequency deviations. It ensures system always maintain in
a higher inertia. Compared with LC, it has improved the
frequency stability transient state. However, it cannot limit
the frequency deviation considering AEMO conditions. An
adaptable parameter of virtual inertia, which considering these
limitations is needed.
The contribution of this paper is listed as follows:
1) The proposed segmented forecasting training can filter
and determine the quantile results. It improves the efficiency
of reserved power in frequency nadir and RoCoF control.
2) The improved virtual inertia control allows adaptive
inertia parameters control for the remote reserve. In continuous
control throughout the single-day, the system frequency and
RoCoF variation are reduced, and the ESS capacity and
charge/discharge times are reduced.
3) A trade of electrical market is considered in virtual inertia
control. The system inertia demand is distributed in DGs and
the market with the lowest cost. It has the potential in industrial
applications.
The remainder of this paper is structured as follows. The
framework and islanded micro-grid components are described
in section II. The system inertia and control strategies are
defined in section III. The simulation results are presented and
discussed in section IV. Conclusions are provided in section
V.
II. SYSTEM CONFIGURATION
Fig.1 shows the framework of the proposed AFB-VIC
strategy including PV, load, SG and ESS. There is a spe-
cific distance between PV stations, which has asynchronous
irradiance change. PV1 begins to reserve power when PV2
is forecasted to be shaded. The ESS and reserved power can
be released for VIC following a major power drop. SG is
providing a constant inertia for load frequency control (LFC).
The simple mathematical schematic of the islanded micro-
grid is provided in Fig.2. The system inertia has two parts.
The elementary micro-grid inertia is provided by governor
(GOV) of the power plant, the virtual inertia is controlled
by PV and ESS. The virtual inertia is adaptable changed
Fig. 1. Framework of the islanded micro-grid.
Fig. 2. Schematic of the micro-grid plant model.
by the forecasting information. The value of virtual inertia
is controlled by the RoCoF and frequency nadir methods.
Compared with the conventional FB-LC, the proposed strategy
has less energy waste. Moreover, it also reduced the RoCoF
and frequency deviations that improved system stability. The
details of the proposed control strategy are provided in the
following sections.
A. SG
An SG module to regulate the system frequency with
feedback control is proposed in [21]. The control system of SG
is shown in Fig.2, the GOV is used to change the shaft power
Pm when angular frequency deviation. The difference between
the SG output angular frequency ω0 and the rated angular
frequency ωr is the angular frequency deviation. The GOV
droop coefficient is kp. A first-order equation is added in the
control to present the inertia, where td is the governor inertial
response. The automatic voltage regulator (AVR) is shown in
Fig.3, it consists of a power calculation, root means square
(RMS) and proportional-integral (PI) control. The excitation
system provides the DC current to regulate the SG voltage,
where kq is the AVR droop coefficient.
Fig. 3. Control system of the automatic voltage regulator.
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Fig. 4. The movement of PV power reserves by operating point away from
MPP.
Fig. 5. Power reserve and VIC strategy of PV.
B. PV
A maximum power point (MPP) estimation method for PV
power sources is proposed in [22]. The maximum available









Where K is a constant parameter, and A is the PV panel
area. As shown in Fig.4, PV reserve power means changing
the working point from A to B. The Vcmd is the reserved
voltage to regulate the PV voltage. Fig.5 illustrates the PV
power control strategy using the MPP estimation and reserve
control. Pr is the PV working away from MPP to reserve power
for VIC. The controlled power is limited less than the reserve
power. It ensures PV will not over regulation. The control
strategy of VIC is shown in PV controlled power of Fig.2, PV
can compensate the power with virtual inertia when frequency
deviation. The VIC function is determined by
Dp ·∆ω = (2Hpvs+Dpv) · Pc (2)
Where the Dp is pω droop coefficient, Hpv is the virtual
inertia and Dpv is the virtual damping.
C. ESS
The frequency deviation in the power system caused by
mismatching of supply and demand, due to generator fault.
Moreover, frequency deviation is also existed in the forecasting
system because of forecasted errors. Therefore, keeping ESS
state of charge (SOC) stay in the middle of its capacity
can increase the delivered energy and decrease the penalty
cost. Aging ESS leads to lower energy capacity and power
capability. ESS recovery control strategy is shown in Fig.6,
it is steadied at the middle of the SOC and limited in slight
frequency deviations. The virtual inertia and damping part in
the ESS recovery control resembles the grid forming control
Fig. 6. SOC control and limitation of charging.
Fig. 7. Relationships of inertia and power in different RoCoF limitation.
for SGs or VIC of PV. When there is a frequency deviation,
this part will immediately sense the change and compensate
the power to the system. ESS control is shown in Fig.2, it
consists of energy recovery control and virtual inertia-damping
emulation. It is similar as the VIC of PV, the ESS virtual inertia
is He and damping is De.
D. Inertia
A rapid change of irradiance cause PV power deviations, it
may result in the generation-demand equilibrium. The system
frequency drop resistance by inertia at first. The primary
control is regulated the frequency drop by operating the output
power of generators. Higher inertia leads to a lower RoCoF,
it helps frequency regulation in primary control.
The instantaneous RoCoF is determined by system inertia





Where Pd is the contingency size, f0 is the nominal
system frequency. If the permissible RoCoF is determined,





The relationship among contingency size, maximum RoCoF,
and the minimum system inertia is shown in Fig.7. It can
be observed that there is a positive relationship between
minimum system inertia and contingency size. On the contrary,
a reverse correlation between minimum system inertia and
maximum RoCoF. When the maximum RoCoF is established,
the minimum system inertia can be determined by contingency
size.
Frequency nadir is another important indicator of frequency
control in NEM. The overall generator power response with a
sudden loss of generation is proposed in [23]. The relationship
of frequency nadir and drop power are shown in Fig.8.
Where f0 is the nominal frequency, Gsys is the aggregated
ramp rate of system primary reserve. Re-arranged the integral
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Fig. 8. Relationship of frequency nadir and drop power in primary control.
limits lead lower limit equal to zero, that frequency nadir can
be formulated by




Where tnadir is the time frequency takes to reach the nadir,





A frequency nadir prediction model (FNP) is established in
[24], it is predicted the time required to reach the maximum
frequency deviation following a major disturbance. The analyt-
ical FNP model is a simple structure to the polynomial fitting
for step response of each governor. The coefficient vector Pi
=[pr0,i, pr1,i, . . . , prn,i,] is solved by the minimum-squared-
error method for governors in the islanded model. Where
αi is the transfer coefficient per unit, the time of maximum




















III. PROPOSED CONTROL STRATEGY
To evaluate the adaptable virtual inertia, which requires
forecasting results to transform into system inertia demand.
Therefore, PV and ESS can share the inertia demand by
energy capacity. Control strategy has two-part for frequency
regulation including forecasted reserve control and inertia
control.
A. Forecasted reserve control
A short-term forecasting model of PV system using lasso
is proposed in [25]. It obtains a refined model by constructing
a penalty function that allows it to compress some regression
coefficients. A hybrid forecasting framework using the LSTM
model is proposed in [26]. Probabilistic forecasting is a
quantile regression architecture for deep learning.
Fig. 9. Single-day forecasting results.
Fig. 10. Reserved power control using forecasting results.
In this work, the forecast model is trained on a publicly
available dataset obtained at Oahu Island, Hawaii, installed by
National Renewable Energy Laboratory (NREL). The details
of the dataset are recorded in [27]. Single-day forecasting
results are shown in Fig.9, the cloudy result in large forecast
errors. The blue line is the real power, the orange line is the
spot forecast information. The red line is the quantile results of
the probabilistic forecast. Deeper color means higher possibil-
ity. The gray part shows the ability of SG to compensate power
according Eqs.(4)(5). If PV power changed between gray area,
the frequency deviations can follow the guide line of NEM
limitations. Spot forecast has lower accuracy when PV power
has larger change. Lower quantile has better performance in
accuracy when PV power changed a lot. However, it cause
power waste in stable irradiance state.
The proposed reserve strategy is adding filter and determine
quantile processing after training. As shown in Fig.9, using
the SG boundary to determine the quantile. The boundary
of SG is mainly coincide with 15% quantile results. Fig.10
shows the reserve strategy. The blue line is the actual power
drop and yellow line is the spot forecast reserved power. In
the continue operating, forecasting results may not equal to
actual power at the initial time. Thus, when spot forecasted
drop power results is equal to the actual drop power, the LC
reserve strategy still causes energy waste because of initial
errors. The AFB-VIC focused on the power change, it reduced
the energy waste caused by initial error. Moreover, according
to Eqs.(4)(5), there is a constant power can be reduced by the
constant inertia of SG.
B. Inertia control strategy
The inertia has a relationship with RoCoF and frequency
nadir, thus the system inertia demand can be calculated by the
normalized forecasting results. According to the Eqs. (4) and
(5), the system inertia demand is the minimum of the Hrocof
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Algorithm 1: LC – Pseudo Code:
Input: Given initial power drop Pd, reserved power Pr
1 Initialization;
2 for each time t do
3 Collect PV output power Ppv, spot forecast power
Pf ;
4 end
5 for Pf ∈ availablePV power do
6 Pd = Ppv − Pf
7 end
8 if Pd ≥ 0 then
9 Pr = Pd
10 else
11 Pr = 0
12 end
13 Update the LC reserve power Pr ;
and Hnadir. The system inertia distribution of SG, PV and











Where φSG, φPV and φESS are set of SGs, PVs and
ESSs in the islanded micro-grid, respectively. SG has constant
inertia. The requirement of minimum system inertia can be
evaluated by adaptable virtual inertia of PV and ESS.
SG provides constant inertia. Due to forecasted power
change, SG may not compensate the total system inertia
demand. PV and ESS need to adaptable distribute the rest
of virtual inertia. Fig.11 shows the inertia demand when PV
power drop in the single day. The blue line is the actual
inertia demand, the orange line shows the demand of inertia
reduced by the LC strategy, the red line shows the virtual
inertia provide by the remote PV using AFB-VIC. The gray
part is the constant inertia provided by SG, the rest of the
inertia demand needs compensated by PV and ESS. Therefore,
the virtual inertia demand in remote PV can be reduced by SG.
According to Eqs.(4) and (5), the demand of reserved power
in remote PV is also reduced. Considered the ESS recovery
process, PV reserve power can be used to charging the ESS.
Therefore, PV and ESS are distributed the virtual inertia, and
the parameters of Hpv is controlled by the guide line NEM
limitation.
There are three PV power control strategies, namely MPPT
control, LC, AFB-VIC. The MPPT control is defined as PV
always working at the maximum power point, it does not need
any forecasting information. LC is reserved power in the local
PV station using spot forecast information. It has ramp control
to reserve power before the PV power drop. Therefore, the
reserved processing is avoided the frequency deviation. The
control strategy is shown in Algorithm - Local curtailment –
Pseudo Code.
AFB-VIC means using probabilistic forecast information to
reserve power in geographically separated stabled PV stations.
It also using ramp control for power reserve. The reserved
power in the stabled PV station can be released to compensate
Fig. 11. Inertia demand and distribution.
Fig. 12. Market of frequency control ancillary services trapezium.
the power drop when shading arrives at the other PV station.
The system inertia is consisting of SG, PV and ESS. The
constant inertia is provided by SG, the required virtual inertia
is provided from PV and ESS. Thus, the value of virtual
inertia is adaptable changed for different forecasted PV power.
According to Eqs.(4) and (5), SG can compensate for a
constant deficit power within RoCoF and frequency nadir
limitation. The rest of the forecasted drop power needs to be
provided by PV and ESS.
According to frequency control ancillary services of AEMO,
PV stations could purchase power in the market. Fig.12 shows
the market of frequency control ancillary services trapezium.
The consumption level in the energy market, at e NW could
be enabled by national electricity market dispatch engine to
provide up to E MW of the relevant frequency control ancillary
services. The power E can be expressed by
E = tnadir ·Gsys (10)
The cost when PV reserve power CPV is presented in [20].
As shown in Fig.12, the E can be divided to two parts. One
is purchased from market at point A, the other is reserved by
AFB-VIC strategy.






+ EPV · tnadir · CPV
)
(12)
Therefore, the power is reserved in PV can be determined
by Algorithm – AFB-VIC - pseudo code.
IV. SIMULATION RESULTS
An islanded micro-grid including SG, PV, ESS and load has
been modeled using MATLAB/Simulink as framework shows
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Algorithm 2: AFB-VIC – Pseudo Code:
Input: Given initial Hsg, Hpv, Hess, Pd, Pr
1 Initialization;
2 for each time t do
3 Collect PV output power Ppv, spot forecast power
Pf , determined probabilistic forecast Ppf ;
4 end
5 Solve maximum compensate power Psg from SG using
Eqs.(4)(5).;
6 for Ppf − Psg ∈ availablePV power do
7 Pd = Ppf − Psg
8 end
9 if Pd ≥ 0 then
10 Pr = Pd
11 else
12 Pr = 0
13 end
14 Solve minimum inertia Hpv using Eqs.(4)(5) for
Hpv > 0 do
15 Solve Pr using Eqs.(4)(5)
16 end
17 Calculate the minimum cost using Eqs.(12), Epv ;
18 Pr = 2*Epv/tnadir ;
19 Update the AFB-VIC reserve power Pr and virtual
inertia Hpv ;
in Fig.1. Fig.13 shows the basic power change in single-day
(7:30 - 19:30). In this islanded micro-grid system, load demand
is supplied by PVs, ESS and SG. The AFB-VIC strategy using
2 PVs to simulate the frequency variation. One of the PV
stations will be shaded according to the forecasting results, the
other one has stable irradiance. The corresponding parameters
of the tested system are given in Table I.
To validate the effectiveness of the proposed AFB-VIC
strategy, The simulation has compared with other 2 cases
including traditional MPPT and LC strategies. [28] is intro-
duced a traditional MPPT control strategy using fixed-step-size
perturb and observe (P&O). For power reservation purposes,
a single-day forecasting results are utilized including spot and
probabilistic methods. LC is introduced in [29], it using spot
forecast to reserve power at PV1 by ramp rate control, and PV2
always working at its MPP. On the contrary, AFB-VIC is using
probabilistic forecast to reserve power in stable PV2 and let
shaded PV1 working at MPP. ESS is set to compensate power
only when frequency deviation out of ± 0.05Hz. It is built as
infinite capacity and no constraints have been considered.
A. PV reserved power
Fig.14 illustrates reserved power change for LC and AFB-
VIC using the forecast information of Fig.9. The orange
area means reserved power using LC control. The red area
displayed reserved power using AFB-VIC. Local curtailment
control reserved power at stable state, from t1 to t2. AFB-
VIC reduced the reserved power in t1 and t2. Besides, it
reserve more power in unstable state. The reserved power of
LC control strategy in shaded PV1, it using LC algorithm
Fig. 13. The basic output power and load demand in single-day.
TABLE I
THE CORRESPONDING PARAMETERS OF THE TESTED SYSTEM
Parameters Value
Constant inertia of SG H 1.7 s
Constant damping of SG D 1.2 p.u.
Constant inertia of ESS H 1.0 s
Constant damping of ESS D 1.0 p.u.
SG time constant Td 0.6 s
Capacity of SG 6 MW
Capacity of shading PV 3.2 MW
Capacity of stable PV 2.2 MW
Load 8 MW
Ramp rate Rs 4 W/s
get the working point. When shading arrives, ESS and the
reserved power in PV1 should begin to compensate for the
power drop at PV1. However, PV1 cannot compensate the
power drop if there is an error of spot forecast. When real
power drop is larger than the spot forecast, it has turned PV1
into a burden in this islanded micro grid system. SG and ESS
need to provide more power to regulate frequency. AFB-VIC
is reserved power in stable PV2 using probabilistic forecast
results in PV1. PV2 can continually provide power if there is
a forecast error in PV1. For AFB-VIC, it has the advantage
of structural parameter variety, a probabilistic forecast can
support more power change than a spot forecast. Therefore,
the effect of forecast error in PV1 can be reduced by AFB-
VIC.Compared with these two methods, the maximum reserve
power of AFB-VIC is larger than LC. Moreover, AFB-VIC
has provided an adaptable virtual inertia in PV to limit the
frequency deviation, as shown in Fig.15.
B. Frequency response
Using the irradiance results in Fig.9, we have simulated the
single-day frequency deviations of MPPT, LC and AFB-VIC
Fig. 14. Reserved power of LC and AFB-VIC strategy.
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Fig. 15. Value of virtual inertia in PV using AFB-VIC.
Fig. 16. Micro-grid frequency response with different control strategy.
strategies in Fig.16. The Black dash line is the frequency nadir
in NEM. The limitation is 49.85 Hz. The blue line is the MPPT
control strategy, it has the lowest frequency nadir at 49.826
Hz. It is lower than the frequency nadir limitation. There are
4 times to shoot over the frequency nadir limitation when
irradiance becomes unstable in the afternoon. The frequency
response of the LC control strategy is displayed as the orange
line. The frequency nadir lower than the limitation once during
single-day simulation, reaches to 49.833 Hz and it has 2
times to shoot over the frequency nadir. It results in the
ESS and SG cannot compensate the power and inertia caused
by the forecast error in PV1. The red line is the AFB-VIC
strategy. During the single-day simulation, only 1 time to over
frequency nadir, it has the lowest frequency nadir, 49.84Hz.
The frequency deviation has mainly been concentrated in SOC
limitation, most of the inertia is provided by SG. Comparing
these methods, AFB-VIC has reduced frequency deviations
and times of over frequency nadir.
The close-up view of frequency response at 3.58h is shown
in Fig.17. The black dash line is SOC limitation, ESS is
discharged when frequency lower than 49.95Hz. PV, ESS and
SG have regulated the frequency together in the first 3 seconds.
MPPT control strategy only has ESS and SG to compensate
power and provide inertia, it results in lower frequency nadir
and longer recovery time. After the first 3 seconds, due to the
MPPT and LC has none of the reserve power, the frequency
regulation has only relied on SG. Comparing these methods,
AFB-VIC is limited frequency deviation to a smaller range
and more slight oscillation. Furthermore, AFB-VIC only uses
10s to restore the frequency.
Accordingly, RoCoF limitation is another condition in the
micro-grid of NEM. Fig.18 shows the RoCoF response of
these methods. Due to irradiance is rapidly changed in the
afternoon, the RoCoF change is mainly concentrated in this
area. The blue line shows the RoCoF change region of MPPT,
Fig. 17. Close-up view of frequency deviation.
Fig. 18. The RoCoF in single-day simulation.
it is -1.3 1.4 Hz/s. With the power is reserved in PV1 using
LC, PV power drop is reduced. Therefore, the RoCoF change
region is -1.2 1.3 Hz/s of local curtailment. Due to AFB-VIC
reserve power in stable PV2, it provides power and virtual
inertia when irradiance changed in PV1, the RoCoF change
region is -0.6 1.2 Hz/s. Although all these methods satisfied
the RoCoF limitation in NEM because of forecast errors.
Compared with LC and MPPT strategies, AFB-VIC is reduced
33.3% and 28% RoCoF change. Moreover, The times of over
RoCoF limitation using AFB-VIC strategy are 137 and 52,
respectively.
C. ESS
The ESS is set to working at 50% SOC with infinite
power capacity. Fig.19 shows the charge and discharge power
capacity of these methods. The times of charge and discharge
of MPPT, local curtailment and AFB-VIC are 287, 183 and
120, respectively. Due to PV always operating at MPP, MPPT
control has the maximum charge and discharge power capacity
3.7 p.u. in a single-day simulation. The local curtailment is
reduced ESS power capacity to 2.4 p.u. The minimum ESS
power capacity is used AFB-VIC, it only needs 1.7 p.u.
V. CONCLUSION
This paper proposes an AFB-VIC method to improve system
stability caused by frequency deviation. By using probabilistic
forecasting results, power is reserved in the stable PV station to
provide VIC. The adaptable virtual inertia and power reserve
is controlled by NEM RoCoF and frequency nadir limitation.
The proposed AFB-VIC demonstrates its advantages in the
following aspects. Frequency deviation. The RoCoF and fre-
quency nadir can be limited in stable grid conditions. The
virtual inertia is adaptable changed in different forecasted PV
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Fig. 19. ESS power provide to the micro-grid.
power drop. It provides virtual inertia continuously even there
is a initial forecast error in shaded PV stations. Moreover, it
is also reduced the time for frequency regulation. Power loss.
The AFB-VIC proposed a method to determined the quantile
of probabilistic forecasting results. It improves the efficiency
of reserved power in frequency nadir and RoCoF control. ESS.
The proposed AFB-VIC is reduced the ESS power capacity.
Moreover, it diminishes the ESS aging by reduce the charge
and discharge times.
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